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Statement of Critical Regional Water Problems

This project addresses the critical water problem stemming from lead contamination of
Louisana srivers, streams, and lakes. The 1998 State of Louisana Water Qudity
Management Plan, Water Quality Inventory Section 305(b) reportsthat lead isa
sgnificant source of water quality degradation in the state: lead accounted for impai rment
of 104, 248 acres of Louisana lakes and 2,475 miles of Louisanarivers and streams.
|dentifying and quantifying non+point sources of this contamination isimperativeif the
degradation is to be controlled and water quaity improved to meet acceptable water-use
levels.

Statement of the Results, Benefits, or Information to be Gained:

In developing totd maximum daily loads (TMDLS) for these water bodies, it is
imperative that non-point sources of lead be identified and quantified so that:

1. redistic alocationsof lead load can be made, and
2. appropriate non-point source mitigation policy can be formulated.

Recent evidence indicates that runoff from leaded- paint exterior walls and rooftops
condtitute alarge part of the lead presently described as “other urban runoff” in the
Loussiana Dept. of Environmenta Quadlity’ s tabulations of * suspected sources of nor+
support of designated uses. This project will both qualitatively assess the contribution of
rooftops and leaded- paint walls to urban non-point sources of lead, and quantatively



model lead concentrations in this runoff as a regression function of rainfal and building
characterigtics. The result will be amodeling tool that decison-makers can useto
estimate the amount of lead released from rooftop and exterior wal runoff during rainfall
events. Thistool will ad the decision-makersin making load alocations and prioritizing
non-point source mitigation efforts.

The modd will be developed for New Orleans, however, vaidation tests can be
undertaken in a post-project phase to determine its gpplicability to other regions of the
Sate and nation.

Quantifying Urban Non-point Sources of Lead for usein TMDL Computations
Nature, Scope and Objectives of the Research

Louisana has designated 104, 248 acres of lakes and 2,475 miles of rivers and streams as
being environmentally degraded due to lead contamination (Louisiana Dept. of
Environmental Quality, 1998). In the development of total maximum daily loads

(TMDLYS) , as mandated by the Clean Water Act, the state must set maximum limits for
the discharge of pollutants, accounting for the non-point sources of the contaminants.
Recent evidence has indicated that two sources may be contributing to non-point source
loadings of lead, yet the effect of these sources on water quaity has not been adequately
investigated. These sources are lead from roof runoff and lead from rain running of

exterior wallswith lead paint facades. These sources will be investigated and modeled in
this project. More specificdly, the objectives of thiswork are:

1. Toqualitatively assessthe potentia for resdential home rooftops and exterior wals
to serve as non-point sources of lead in urban runoff.

2. Toformulate and parameterize quantitative regresson models which predict the
concentration of lead in runoff from residentia home rooftops and exterior walsasa
function of rainfall and building characterigtics

3. Tomeasure the Sze digtribution of the lead particulates in the runoff asinput toa fate
and trangport modd for lead emanating from these two sources, to be developed in a
future project.1

As dates, including Louisaing, develop tota maximum daily loads (TMDL'’s), and then
seek to alocate these loads to point and non-point sources, it isimperative that al sources
of pollutants be identified, and that predictions be made of sormwater runoff
concentrations of these pollutants. For point sources which regulate their own discharges,
such asindudtrid facilities, such predictions may be easy to make. Non-point source
loadings, however, are far more difficult to estimate, Snce they are erratic and are
controlled by rainfal and other environmenta conditions which may not be measured.
Completion of this sudy will ad TMDL deveopment in the following ways:




1. provide quantitative evidence that rooftops and homes are an important subset of
urban runoff now classfied as“other” in state TMDL devel opment documents.

2. provide amethod for estimating the quantity of lead running off from rooftops and
homes, both in the dissolved form and the particulate form, and under various rainfal
scenarios.

3. provide asize digtribution of lead particles emanating from these sources for later use
in urban runoff moddls.

All datawill be collected in the City of New Orleans, where very high lead
concentrations in the soil have been found (Midke et a.1999). The roof runoff will be
collected from the type of resdentia roof most commonly found in New Orleans—an
agphdt-shingle roof, and the resulting roof runoff modd will be gpplicable to this type of
roof only (not to meta roofs, or other roof materias). These roofs are not expected to
generate lead themsalves, but to serve as storage reservoirs for lead particleswhich are
deposited as wet or dry deposition. The source of these lead particles could be industrial
ar emissions, vehicle emissons, soil lead particles resuspended by strong winds or
human activities, or leaded paint particles released into the air.

Wal runoff will be collected from private homes with leaded paint facades. It is expected
that the quantity of wall runoff will be smdl for rain events with low intengties, asthe

roof will collect most of the water. However, with high wind speeds or driving rains, it is
expected that rain will wash down the sides of the buildings, generating leed loadings

into the water. We expect that the grester the intensity of the rainfall, the more force will
be exerted on the lead paint, and the more lead particles may be didodged from the paint
and enter the wash water. We aso expect that pH may play arolein determining lead
concentrations in the wal runoff because strong acids are cgpable of dissolving lead.

Much of the lead will bein particulate form — we are interested in determining the Sze
and dendity of these lead particles asinput to alead fate and transport modd, to be
developed in alater project. Smaller particles of lead are likely to be washed aong into
the drainage system of the area, and, in New Orleans, end up as sediment in the bottom of
the drainage canals. These will serve as acongant, low level source of lead to the cand
waters, as well as being a constant threet to the water quality of Lake Ponchartrain when
hurricanes or very high flows flush out the cands. Larger particles are likely to settle out
into the soil before reaching the drainage system. These larger particles may become
incorporated in the soil matrix, creating hazardous conditions for passerby’ s (especialy
children playing) as wdll contributing to dissolved lead concentrations in runoff water
over the soil.

M ethods, Procedures, and Facilities

Sdection of homes for the study:




Paint chipswill be collected from homesin New Orleans located in neighborhoods of
New Orleans which have previoudy been identified as having high leed levelsin soils
(Midke et d, 1999). Homeowners will be asked for permission to take sample paint chips
from their homes. In anticipation of possible resisance from homeownersto participate
in this sudy, we will work through neighborhood associations for introduction to
individuals who are likely to be receptive to working with us. Paint chipswill be
analyzed according to the procedure in Section 12.4 below; arandom sample of 10
homes with high lead content (greater than 1000 mg/kg) will be retained for the studly.
Six of these homes will be used for roof runoff collection and ten for wal runoff
collection. In addition, two homes with low lead content (Iess than 100 mg/kg) in the
same neighborhoods will be used as controls for the wall runoff sampling.

Roof runoff collection procedure:

Three homesin the study group will be outfitted with PV C rooftop rain gutters which
will serve as the rooftop runoff collection system. The selection of PVC materid ensures
that al lead in the rooftop runoff comes from rooftop drainage and not from rain gutters.
Following Yaziz (1989), these gutters will drain into five sample bottles. Each sample
bottle contains a ping-pong ball which will block the opening of the battle asit fillsup. In
this way, rooftop runoff will be collected for the “first flush” and then for four distinct
periods afterwards. The length of these periods will depend on the rainfdl intensity and
the amount of roof square-footage which drains into the rain guitter.

Sampling will proceed during 10 rainfal events throughout the year. Just prior to the rain
event, we will connect four pre-conditioned 200 ml polyethylene bottles to the rooftop
runoff collection system. The pre-conditioning will consst of deaning the bottleswith
hydrochloric acid and deionized water in a 1.6 ratio and soaking overnight. One pre-
conditioned 200mL polyethylene bottle with funne for rainfal collection will be placed
in agte open to direct rainfall as a control. The rainfal intengty a each home will be
measured with an in-place rain gauge. Intensity will be measured in 15 minute intervals
by recording the amount of rainfdl collected in that time period. The rain gauge provides
precison on the order of +/- 1 millimeter.

In addition to the three homes ouitfitted with PV C rain gutters, we will dso sample roof
runoff from three other homes in the study group which have in-place metd rain gutters.
These gutters aso will be connected to the five-bottle sampling system described above.
In this way, we will be ble to evauate the individua contribution of lead from meta
gutters to lead concentrations in urban runoff.

Exterior Wall Callection Procedure:

Sampling will proceed during 20 rainfal events throughout the year. A random sample of
five homes from the ten homes identified earlier with high lead content and one of the
low-lead content homes will be sampled during each rain event. People-power on the
project is not sufficient to sample more than Sx homes during any sSngle rain event.
Aluminum foil fashioned into a trough will be placed aong the edge of the building



during the rainstorm and held there until 50 ml. of rainwater have been collected. The
ranwater will then immediatdy be transferred to the pre-conditioned polyethylene
bottles.

Pretreatment of Runoff Samples

Immediately after collection, the samples will be measured to determine pH and
temperature. They will then be divided in haf and one sub-sample wll be filtered through
a0.2 micron filter. Both samples will then be acidified with sufficient HCI to bring the
pH down to 2. It is assumed that this acidification will be sufficient to dissolve dl lead
particles. Particulate lead concentration will be quantified by subtracting the totd lead
vaue of the unfiltered portion from the lead concentration in the filtered portion. After
acidification, samples will occasondly be agitated while stored at 4+/- 2 degrees C until
the leed analysisis performed.

Paint chips

Paint chips from selected buildings will be collected for total lead andysis by removing
loose, pedling pain with aglass rod. They will be trangported to the [aboratory in wide-
mouthed 200 ml polyethylene bottles preconditioned with HCI and deionized water. Acid
digestion of the chipswill be performed in a CEM microwave. Prior to placement in the
microwave vessd, a 0.5 g sample will be cut from the chip and placed in 10 ml of HNOs.
Micro-waving will proceed in 4 stages, with pressure increasing from 20 ps to 80 ps.
Following complete digestion, the sample will be transferred to the ICP-M S for lead
andyss.

Lead Analyss

A Finnegan ICP-M S maintained with magnetic sector instrument will be used to perform
al lead andyses. The precision of thisICP-MSis e the leve of parts per trillion. The
andysswill be performed under contract by Tulane€' s Coordinated Instrumentation
Facility (CIF) by professona chemists experienced and knowledgable about the use of
|CP-MS equipment. All necessary precautions will be taken by the CIF to avoid
inadvertant contamination of the samples.

Tulane Coordinated Instrumentation Facility

The Coordinated Instrumentation Fecility is a Tulane-wide department operating under
the Tulane Office of Research for the management of shared research equipment. CIF
professiond |aboratory personne maintain and operate the andytica equipment and
ass st researchers with method devel opment and data collection. The CIF operates
complete microscopy, inorganic, and organic laboratories. In addition to the ICP-MS to
be used in this project, the CIF sinorganic analysis |aboratory adso includes an x-ray
fluorescence spectrometer, scanning e ectron microscope, and graphite furnace atomic
absorption spectrometer for inorganic analyses.



Paticle Size Andyss

The filtered particles collected during the sample pretrestment (see Section 12.4) will be
filtered through progressvely smaller pores, beginning with geotechnical seves, and
proceeding through a set of cloth or paper filters. At each filtration step, the rejected mass
will be weighed to yield the mass of particlesin each Sze category.

Regresson Modding

Quantitative modeling of the lead data will be accomplished using regresson models. It
is anticipated that two sets of modelswill be generated: one for predicting rooftop runoff
concentration, LR, and one for predicting wal runoff concentrations, LW. It is anticipated
that the modd formswill be linear, dthough non-linear regresson can be employed if
necessary. For the rooftop runoff mode, the initid formulation of the mode will be:

LR, =5 +BLS+ BINI'+ EpH+e Eq. 1
where: LRy isthe totd lead concentration in the runoff , LS isthe number of days since
the last raingtorm, INT isthe intengty of the rainstorm, pH isthe pH of the rainwater, the
B's are the regression parameters, and e isthe mode error. The regression procedure is
used to determine the best value of the B's, using the criterion that the squared errors of
the predicted value (LRy) are minimized (the least squares regression). A second, Smilar
equation for dissolved lead, LRy, will dso be formulated and solved using the same
regression procedure:

LR, =B + BLS+ BINT+ BpH+¢ Eq. 2

Linear regresson models of asmilar form will be developed for the wall runoff data
The independent variable, LW, will be modded as

LW = B,+ B LS+ BINT + BpH+ B,PC+e g 5

where: LWr isthetota lead concentration in the wall runoff and PC isthe concentration
of the lead in the paint chip. An exactly analgous equation will be created for the
disolved lead in the wall runoff, LWp:

LW, = B+ BLS+ BINT + BpH+ B, PC+e ¢ 4

Theseinitid formulations will be tested for the standard violaions of the assumptions of

the linear regresson modd. Specificaly, the modelswill be tested for violations of non-
normality, non-constant variance, and seria correation. Transformations to the data to

correct these problems, should they arise, will be implemented. These might include log
transformations, power transformations, or differencing of the data. If required to



improve modd fit, non-linear regresson will be employed. All modding will be
performed with the statistical software * SPLUS 2000” which the P is quite familiar with

Related Research

Numerous publications have documented the presence of lead in urban runoff (Ellis

1977; Whipple and Humter, 1981; USEPA, 1983; Cole et a.1984; Flores-Rodriguez et d.
1993, Martin 1995, Tshrintzis and Hamid 1998). Much of this lead has been atributed to
road and highway runoff (Kerri 1985, Watershed Protection Techniques, 1994). While
thisis certainly an important source (athough far less so than in 1985, when leaded
gasoline was ill widdy available), recent studies have indicated that resdentiad homes

may aso be important sources of urban lead pollution.

Yazizet d. (1989) studied lead concentrations emanating from tile and gavanized iron
roofsin Mdaysa He found average levels of “firg flush” lead in the roof runoff of 235
microgramg/l for the gavanized iron roof and 102 microgramg/l for the tile roof. Over the
course of the rain events, the galvanized roof and tile roof concentrations as high as 254
ny/l and 271 ny/l, respectively, were recorded. The average rainwater concentration over
severa storm events was 200 ny/l, but the concentration range reported is so large (40
ng/l to 520 ny/l) that a comparison to the average vaues given for the runoff
concentrations is meaningless.

Good (1993) studied roof runoff lead concentrations at a Washington state sawmill whose
runoff flows directly into the sea. He found that heavy metal concentrations of copper,
lead, and zinc dl exceeded the EPA standards for disharge into marine waters. Sampling
was done for severd different roof types (galvanized metal, roofing paper and tar, and
anodized duminum). Even the tar roof, whichis not expected to contain any lead in its
congtituent material, produced unacceptably high concentrations of lead. Good collected
samples at the beginning of the rain event, and then again three hours later. He found that
the metal concentrations were generaly lower after the “firgt flush” and theorized thet

this resulted from the early remova of easly-didodged particles containing the metas.

Davis and Burns (1999) measured concentrations of lead in roof runoff in Prince George
County, Maryland. They found mean vaues of lead in the runoff of 38 ng/l with a
standard deviation of 110 ng/l. Roofing materids are not specified in the article, nor is
the lead concentration of the rainfal itsdf.

To the knowledge of thisP.l., Davis and Burns (1999) aso contains the firgt, and only,
peer-reviewed study of lead concentrations in runoff from exterior, painted walls. Ther
work was motivated by a monitoring study of heavy metas in urban runoff performed by
Ni et a.(1995) in Prince Georges County, Maryland. 1n the 1999 paper, Davis and Burns
conducted in-depth [aboratory studiesin which they sprayed synthetic rainwater on
exterior, painted building walls. They found concentrations of total lead as high as 28,000
ny/l for surfaces with paint older than 10 years. For this type of paint, the mean vdue of
the concentration was 810 ng/l. Newer paint, 0-5 years old, produced maximum lead
concentrations of 370 ny/l and a mean concentrations of 27 ny/l. The authors atribute the



difference between these two sets of observations to the fact that the older paint is more
likely to contain high amounts of lead, and aso that older paint islikely to ped more
eadly and hence yield more particulate lead. They aso found that the more intense the
spray, the higher concentrations the concentrations of lead measured.

The potentia applicability of the Davis and Burnswall runoff study to the New Orleans
area, or any other areawith high numbers of homes with leaded painted exteriors, is
obvious. Mielke et d.(1999) has demonstrated that much of the New Orleans top-soil has
lead concentrations of more than 300 ng/g and that there are sections of the city with ol
concentrations as high as 1100 ny/g. Mielke dso noted that the largest concentrations of
lead were found at the base of the exterior walls. Although not discussed by Midkeet d,
thisfinding can logicdly be taken to indicate that wall runoff is responsible for much of
the lead found in the soil, even though soil lead is typically attributed to the lingering
effects of leaded gasoline auto exhaust.

Thisreview of the literature indicates that there is emerging evidence that wal runoff

from surfaces with leaded paint is an important source of lead in urban runoff. In

addition, some evidence exigts that rooftops may store lead particles, and release them in
particulate or dissolved form during rainfal events. For TMDL purposes, however, more
quantitative information is required. And, for the development of watershed and sub-
watershed-based TMDL s in the State of Louisaina, characterization of this pollution and
itsrelaionship to rainfal on a site-specific basis must be undertaken. Development of
these relationships should be of particular concern in New Orleans and other areas of the
state where leaded- paint surfaces are prevaent.

For these reasons, this project aimsto provide models, applicable to New Orleans, which
predict lead concentrations from rooftops and exterior |eaded- paint walls as functions of
building characteristics and rainfal characteristics. These models may aso be gpplicable
to other parts of the sate and to the country — it is hoped that modd vaidation for these
areas will be undertaken as part of abroader study, perhaps sponsored by the LA
Department of Environmenta Quadity, once this proposed study is completed.

References:

Cole, R.H., R.E. Fredirick, R.P. Hedy and R.G. Rolan, 1985. * Preliminary Findings of
the Priority Pollutant Monitoring Project of the Nationwide Urbban Runoff Program”,
Journal of the Water Pollution Control Federation, vo. 56, No. 7, pp. 898-908.

Davis, A.P. and Mathew Burns, 1999. “Evaduation fo Lead Concentration in Runoff from
Painted Structures’, Water Research, vol. 33., no. 13, pp. 2949-2958.

Ellis, FW. and R. L. Wycoff, 1981. “ Cogt- Effective Water Qudity Planning for Urban
Areas’, Journal of the Water Polution Control Federation, vol. 53, no. 2, p. 246-258.



Flores-Rodriguez, J., A-L Bussy, and D.R. Thevenot, 1993. “Toxic metdsin urban
runoof: Physico-chemica mobility assesment usng speciation schemes’, Water Science
and Technology, vo. 29, no. 1-2, pp. 83-93.

Good, J.C., 1993. “Roof runoff as a diffuse source of metals an aquatic toxicity in Storm
Water”, Water Science Technology, vol. 28, no. 3-5, pp. 291-297.

Kerri K.D., JA, Racine and R.B. Howell, 1985. “Forecasting Pollutant Loads from
Highway Runoff”, Transportation Research Record, No. 1017, p. 39-46.

Louisana Dept. of Environmental Quality, 1998. State of Louisana Water Qudlity
Management Plan, Water Quality Inventory Section 305(b) Report, Baton Rouge.

Martin, J.D., 1995. Effects of combined-sare overflows and urban runoff on the water
qulaity of Fal Creek, Indianapolis, Indiana. US Geologica Survey, Water Resouces
Report 94-4066.

Midke, H. W., C.R. Gonzales, M K. Smith, and P.W. Mieke, 1999. “The Urban
Environment and Children’s Hedlth” Soils as an Integrator of Lead, Zinc, and Cadmium
in New Orleans, Louisana, USA”. Environmental Research, vol. 81, no. 2, pp. 117-129.

Ni, S., M. Shokouhian and A.P. Davis, 1995. Sources of lead, copper, cadmium and zinc
in urban and suburban runoff in Prince Georges County, Maryland. Find report to the
Prince Georges county government.

Tshrintizis, VA and R. Hamid, 1998. “Runoff quality prediction from smal urban
catchments usng SWMM”, Hydrological Proceses, val. 12, no. 2, pp. 311-329, 1998.

U.S. Environmenta Protection Agency, 1993. Results of the Nationwide Urban Runoff
Program Fina Report. Water Planning Divison, USEPA, Washington D.C.,

Whipple, W. Jr. and J.V. Hunter, 1981. Settleability of Urban Runoff Pollution”, Jounal
of the Water Pollution control Federation, vol. 53, no. 12, pp. 1726-1731.

Yaziz, M.l., H. Gunting, N. Sapari, and A.W. Ghazdi, 1989. “Variations in Rainwater
Qudity from Roof Catchments’, Water Research, vol. 23, no. 6, pp. 761-765.



